Introduction {#Sec1}
============

Aging is an increasing concern of modern society, particularly aging of the face. This is a complex process involving two important factors: volume loss throughout the face, and repetitive muscle movements that cause wrinkles and folds \[[@CR1]\]. Traditionally, facial rejuvenation has focused on various dermatologic cosmetic procedures such as carbon dioxide laser resurfacing, microdermabrasion, and electric stimulation leading to collagen production in human skin fibroblasts \[[@CR2], [@CR3]\]. In recent years there has been an increasing emphasis on mesotherapy as an anti-aging strategy. Mesotherapy is a medical procedure introduced by Pistor in 1958, which consists of intradermal injection of pharmacologic substances, such as nutrients, hormones, vitamins, enzymes, and other reagents that have been diluted and are administered directly into the region to be treated \[[@CR4]\]. The aim of mesotherapy in skin rejuvenation is maintenance and/or restoration of healthy and youthful texture of the skin \[[@CR5], [@CR6]\]. The desired final effect is firm, bright, moisturized skin obtained by the injection in the superficial dermis of suitable products that are perfectly biocompatible and totally absorbable \[[@CR7]\]. In fact, injection of mesotherapy products promotes skin rejuvenation by increasing both hydration and fibroblast activation \[[@CR8], [@CR9]\]. Several experimental studies have demonstrated that hyaluronic acid injected into the skin can stimulate fibroblasts to express collagen type 1 (Col-1), matrix metalloprotease-1 (MMP-1), and tissue inhibitor of matrix metalloproteinase-1 (TIMP) \[[@CR10]\]. Another study suggested that dermal injection of vitamins results in stimulation of collagen production in skin cells \[[@CR11]\]. It is also well known that antioxidant substances are able to reverse aging. One the most studied hypotheses regarding aging is that it is caused by oxidative stress, and oxidation can damage proteins, DNA, and lipids.

The present study describes a pivotal comparative clinical study of a minimally invasive technique of skin rejuvenation consisting of multiple intradermal injections with two formulations with the goal of maintenance and/or restoration of healthy and youthful skin texture.

Materials and Methods {#Sec2}
=====================

In this clinical study two different formulations were used: formulation A, which was composed of hyaluronic acid, vitamins, amino acids, minerals, coenzymes, and antioxidants (Table [1](#Tab1){ref-type="table"}), and formulation B, which was composed of hyaluronic acid, idebenone, polysorbate 20, water, acetyl cysteine, sodium chloride.Table 1Characteristics of formulation AVitaminsAmino acidsMineralsNucleotidesCoenzymesOthersTocopherolArginineSodium chlorideAdenineInositolSodium hyaluronateUbiquinoneLysineCytosineAcetyl cysteineWaterCyanocobalaminIsoleucineGlutaminePolysorbate 20Folic acidLeucineGuanineRiboflavinThreoninePyridoxine HCLValineThiamine HCLHistidine hydrochlorideNicotinamideTyrosineCalcium pantothenatePhenylalanineAscorbic acidGlutamic acidAspartic acidAsparagineCysteineProlineSerineAlanineMethionineGlycineTryptophan*HCL* hydrochloride

Patients {#Sec3}
--------

Fifty healthy patients of both genders were enrolled in the study and were divided into two groups: group 1 (32 patients), aged between 50 and 60 years (older patients) and group 2 (18 patients), aged between 35 and 50 years (younger patients). Formulation A was used for patients in group 1 and formulation B was used for patients in group 2. Exclusion criteria for the study were: patients that had undergone other medical-aesthetical treatments, and pregnant or breastfeeding women. Inclusion criteria were: patients in good health, patients that were not using any other treatments, and patients that presented mild/moderate to severe photo-aging. The patients did not modify their lifestyle. All patients gave written consent for enrollment into the clinical study, and ethical approval was obtained for the study.

Treatment and Evaluation Protocol {#Sec4}
---------------------------------

Each treatment was carried out according to a default protocol, which was similar for the two groups. Briefly, all participants underwent four sessions of mesotherapy involving multiple injections with a 30 G/4 mm needle in the face, neck, and décolleté. The hands of eight patients were additionally treated. Treatments were conducted over 2 months. The objective examination was carried out with inspection using a Wood's light (GIMA S.p.A., Gessate, Milano, Italy) and palpation to verify cutaneous elasticity. The areas of the body treated were examined by the sense of touch and pressure. The results were defined with a score derived from the Global Aesthetic Improvement Scale (GAIS), used as a reference parameter (Table [2](#Tab2){ref-type="table"}); a summary of the patients' characteristics and of GAIS scores obtained is provided in Table [3](#Tab3){ref-type="table"}. The photographic evaluation was performed at the beginning and at the end of the treatment. Moreover, the Wrinkle Severity Rating Scale (WSRS) was also used to evaluate the condition of the wrinkles and, therefore, the degree of aging.Table 2Global aesthetic improvement scaleDegreeDescription1Exceptional improvementExcellent corrective result after a session with the Spherofill device2Very improved patientMarked improvment of the appearance, but not completely optimal. A touch-up would slightly improve the result3Improved patientImprovement of the appearance, better compared to the initial condition, but a touch-up is advised4Unaltered patientThe appearance substantially remains the same compared to the original condition5Worsened patientThe appearance has worsened compared to the original conditionTable 3Wrinkle severity rating scaleScoreDescription1Absent2Slight3Moderate4Severe5Extreme

Histology and Immunohistochemistry {#Sec5}
----------------------------------

Punch biopsies were taken from randomly selected participants at baseline and after 6 weeks. Excised tissue samples were transferred in 4% (m/v) paraformaldehyde solution and were paraffin embedded. Sections of 5 μm were stained with hematoxylin--eosin, hematoxylin--Van Gieson, and Periodic acid-Schiff (PAS)-Alcian blue hematoxylin (Carlo Erba, Milano, Italy). For immunohistochemistry, tissue sections were heated twice in a microwave oven for 5 min each at 700 W in citrate buffer (pH 6.0). Slides were then incubated at 4 °C overnight at 1:100 dilution with the following antibodies: mouse monoclonal to interleukin-1β (IL-1β) (AbD Serotec, Oxford, UK); mouse monoclonal to IL-6 (Origene, MD, USA); mouse monoclonal to MMP1 (Santa Cruz, CA, USA); and rabbit polyclonal to Col-1 (Santa Cruz, CA, USA). After three washes in phosphate-buffered saline (PBS) to remove the excess antiserum, the slides were incubated with diluted goat anti-rabbit or anti-mouse biotinylated antibody (Vector Laboratories, Burlingame, CA, USA) at 1:200 dilution in PBS-3% nonfat dry milk for 1 h. All the slides were then processed by the avidin--biotin complex (ABC) method (Vector Laboratories, Burlingame, CA, USA) for 30 min at room temperature. The ABC method relies on the strong affinity of avidin or streptavidin for the vitamin, biotin, for the revelation of the immune complex formed on a tissue by an antigen and a specific antibody raised against this antigen. Diaminobenzidine was used as the final chromogen and hematoxylin was used as the nuclear counter stain. Negative controls for each tissue section were prepared by leaving out the primary antiserum. All samples were processed under the same conditions. The intensity of expression per field (20× original magnification) using light microscopy was calculated and compared in different specimens by two separate observers (A.B. and A.S.) in a double-blind fashion and described as: score 0 (absent); score 1 (low); score 2 (moderate); score 3 (intense). On average 22 fields were observed for each specimen. The percentage of concordance between the two observers was 93% (28 over 30); in the remaining specimens the final score was reached after collegial revision.

Statistical Analysis {#Sec6}
--------------------

Descriptive analysis was made using median values and 95% confidence intervals. The differences in the GAIS scores at the different timepoints for each group were performed using Wilcoxon's test for nonparametric dependent continuous variables. Statistical Product and Service Solutions (SPSS) software (version 17.0, SPSS, Chicago, IL, USA) was used for statistical analysis. A *P* value (two tailed) of less than 0.05 was considered to indicate statistical significance.

Results {#Sec7}
=======

The treatment caused minimum discomfort, without any posttreatment pain. All patients returned to their everyday activities immediately after the treatment. In a small number of patients (*n* = 15) ecchymosis were found; moreover, hyperemia secondary to the traumatic action of the needle and vasoactive substances was reported in 12 patients, but this resolved a few days after the application of an anti-edemigen and anti-inflammatory cream. Edema reactions associated with moderate pain due to pressure after the injections were evident in five patients. On objective examination, both formulations resulted in an improvement in the epidermal texture, and an increase in elasticity and brightness of the skin. The effect of the contraction of collagen and production of new natural collagen was highlighted by the increase in tone and compactness. Such features were appreciable by gently skimming over or touching the skin. These features were evidenced by photographic documentation (Fig. [1](#Fig1){ref-type="fig"}). Indeed, the patients was recorded a high degree of satisfaction via the completion of a self-assessment questionnaire. At the end of the trial, the majority of the patients claimed the treated area had improved. The positive treatment response was also confirmed by analysis of the GAIS and WSRS scores. Interestingly, both formulations achieved good results, based on the WSRS score after only 2 weeks of treatment. The results were further ameliorated at the end of the treatment, after 4 weeks. In detail, the GAIS score reached a significant difference after four treatments (*P* = 0.008), whereas the WSRS score was significant after only 2 weeks of treatment (*P* = 0.014), and this significance was augmented after four treatments (*P* = 0.002). These data are summarized in Table [4](#Tab4){ref-type="table"}.Fig. 1Example cases of facial rejuvenation in the two different patient groups. **a** A female patient at the beginning of the treatment (1) and at the end of the treatment with formulation A (2). **b** A female patient at the beginning of the treatment (1), after one session (2), and at the end of the treatment with formulation BTable 4Characteristics of the patients enrolled in the studyNo.SexAge (years)Formulation usedTreatment siteGAIS1GAIS2WSRS0WSRS1WSRS21F52AFace/neck114332M55AFace/neck113223F64AFace/décolleté325444M56AFace/neck/hands224435F53AFace/décolleté214326M60AFace/neck434337F59AFace/neck/hands424438F57AFace/neck/hands213329F58AFace/neck3344310F58AFace/décolleté2233211F63AFace/décolleté/hands1132212F65AFace/neck/hands4354313M51AFace/neck2243314F54AFace/décolleté/hands3232215F53AFace/décolleté/neck3333216F56AFace/décolleté/hands3344317F57AFace/décolleté2233218F62AFace/neck/hands2144319F62AFace/décolleté/hands2144320M64AFace/neck1154421F61AFace/décolleté3255422F58AFace/décolleté/neck3333223F59AFace/décolleté/neck2233224F54AFace/neck/hands2144325F52AFace/neck2232226F54AFace/décolleté/neck4344327F64AFace/décolleté/neck3244328F62AFace/décolleté2244329F63AFace/décolleté3143330M61AFace/neck3133231F60AFace/décolleté/neck1144332F60AFace/décolleté/neck3232233F37AFace/décolleté/neck1122134F38BFace/décolleté2222135M43BFace/neck1133236F50BFace/décolleté2243337F36BFace/décolleté/neck1121138F35BFace/décolleté/neck1131139F47BFace/décolleté/neck3233240F42BFace/décolleté/neck2233241F47BFace/décolleté2143342M39BFace/neck1122143M40BFace/neck1122144F45BFace/décolleté2232245F43BFace/décolleté/neck1132246F39BFace/neck2122147F45BFace/décolleté/1144348F35BFace/décolleté/neck2232149F36BFace/décolleté/neck3221150F49BFace/décolleté21432*GAIS1* after two treatments, *GAIS2* after four treatments; significantly different from GAIS1 (*P* = 0.008), *WSRS0* at the beginning of the treatment, *WSRS1* after two treatments; significantly different from WSRS0 (*P* = 0.014), *WSRS2* after four treatments; significantly different from WSRS1 (*P* = 0.002)

To further characterize the effects of the skin treatment, histological and immunohistochemical analysis of the skin of four patients treated with formulation A (*n* = 4) was performed at baseline and after 6 weeks. The histological analysis failed to show any significant difference at the level of the epithelium and of the dermis (data not shown). Conversely, immunohistochemical analysis revealed a decrease in IL-1β, IL-6, and MMP-1, and an increase in Col-1. Figure [2](#Fig2){ref-type="fig"} is a histogram depicting the different immunohistochemical expression levels of the four markers; these differences were statistically significant as depicted in the figure.Fig. 2Different expression levels of the various proteins analyzed, before (marked as *A*) and after (marked as *B*) treatment with formulation A. *Asterisks* indicate the statistical significance of each expression level. \**P* = 0.002; \*\**P* = 0.011; *\*\*\*P* = 0.001; \*\*\*\**P* = 0.0001

Discussion {#Sec8}
==========

The primary factor that causes human skin aging is its direct contact with the environment; therefore, skin aging can be considered as a consequence of environmental damage. The most important environmental factor involved in human skin aging is ultraviolet (UV) irradiation from the sun. This sun-induced skin aging (photo-aging) depends primarily on the degree of sun exposure and skin pigment. Individuals who have outdoor lifestyles and those who are lightly pigmented will experience the greatest degree of photo-aging \[[@CR12]\]. The deleterious effects of solar radiation on the skin impact primarily on the dermal connective tissue with accelerated breakdown and synthesis of collagen, and enhanced inflammatory processes. These processes are directly responsible for the clinical appearance of photo-aged skin: wrinkling, telangiectasia, laxity, pigment changes, coarseness, dehydration, and loss of tensile strength \[[@CR13]\]. The primary treatment of photo-aging is photo-protection, but secondary treatment could be achieved with the use of antioxidants, as reactive oxygen species (ROS) generated in the skin by UV-radiation (UVR) exposure are among the most important factors causing photo-aging \[[@CR14]\]. In fact, antioxidants can regulate the transfer of electrons or quencher free radicals escaping from the electron transport chain. It has to be underlined, however, that no significant protective effect of "natural" and synthetic antioxidant are detectable, when applied topically before UVR expose. Indeed, UVR-induced skin damage is a rapid event and antioxidants can prevent such damage when present at relevant concentrations at the site of the body exposed to UVR \[[@CR15]\]. Nevertheless, molecular key and histochemical features underlying age-dependent phenotypic alterations of human skin include decreased collagen production in dermal fibroblasts, leading to the fragmentation and disarray of collagen fibrils in the dermis \[[@CR14], [@CR16]\]. This structural disturbance results in various physiological consequences, including interference with the mechanical properties of skin and impairment of resident cell function in the dermis, resulting in disruption of the normal interaction of cells within the microenvironment of the extracellular matrix (ECM) \[[@CR17]\].

The aim of mesotherapy for skin rejuvenation is maintenance and/or recovery of youthful skin. Mesotherapy increases the biosynthetic capacity of fibroblasts and the reconstruction of an optimal physiologic environment, the enhancement of cell activity, and the synthesis of collagen, elastin, and hyaluronic acid \[[@CR18]\]. Currently applied medications employ microinjection of hyaluronic acid, vitamins, minerals, and amino acids into the superficial layer of the skin. It is generally assumed that many formulations used in mesotherapy improve the appearance of skin by increasing the biosynthetic capacity of human skin fibroblasts. Moreover, it has to be considered that exogenous antioxidants, such as vitamins C--E and many others, cannot be synthesized by the human body and must be obtained by the diet. Indeed, mesotherapy treatment can be an ideal solution to achieve optimal concentrations of these substances directly in the skin \[[@CR19]\].

The wide range in the age of the participants enrolled in this study is justified by the differences in the two groups of patient treated: younger subjects (group 2) that present mild/moderate photo-aging and in which the treatment is preventive, and older patients (group 1) that present severe photo-aging and in which the treatment is essentially therapeutic. The results produced were statistically analyzed, and treatment resulted in significant and long-lasting rejuvenation effects. These data were confirmed both subjectively and objectively by GAIS and WSRS score analysis.

In order to investigate the molecular effects on the skin caused by treatment with formulation A, the authors analyzed the expression levels of IL-6, IL-1β, MMP-1, and Col-1 at the beginning and at the end of the treatment using immunohistochemistry. The proteins tested were chosen as it has previously been demonstrated that their expression can be modified by topical antioxidant treatment of the skin \[[@CR20]\]. Indeed, the authors observed a decrease in IL-1β, IL-6, and MMP-1 and in increase in Col-1. The immunohistochemical results suggest, therefore, that treatment with formulation A is able to interfere with the effects on collagen production in damaged skin by increasing the expression of Col-1. Nevertheless, the downregulation of IL-1β, IL-6, and MMP1 suggests a role for this formulation in interfering with the inflammatory processes. Therefore, the authors predict that this formulation will increase moisturization, elasticity, and luminosity, and has a restructuring action in the skin resulting in anti-aging processes in patients with severe photo-aging.

The authors assume for formulation B, enriched in antioxidant substances such as idebenone, an anti-aging role such as preventive anti-aging treatment, particularly for oxidative stress anti-aging (mild/moderate photo-aging). In general topical antioxidants exert their effects by downregulating free-radical-mediated pathways that damage skin \[[@CR21]\]. A wide variety of antioxidant or other photo-chemicals have been reported to produce substantial skin photoprotective effects, but ubiquinone has been recently shown as one of the most effective \[[@CR22]\]. Ubiquinone is an important lipophilic antioxidant synthesized by the body and critical for the protection of mitochondrial membranes \[[@CR23]\]. Idebenone is a synthetic derivative \[[@CR24]\]. Both molecules have been suggested as topical antioxidant ingredients for the protection of skin from oxidative damage. Idebenone was ranked the number one antioxidant in a recent clinical trial \[[@CR25]\]. Consistent with these data, the present authors have demonstrated that this formulation with idebenone represents a promising and efficient treatment for photo-aging aspects of patients aged 30--60 years.

The wide range in the age of the patients enrolled in this study is justified by the differences in the two groups of patient treated: younger subjects (group 2) that present mild/moderate photo-aging and in which the treatment is preventive and older patients (group 1) that present a severe photo-aging and in which the treatment is essentially therapeutic. The data described in this paper suggest that mesotherapy is an effective and safe procedure for both preventive and therapeutic anti-aging. In fact, using different formulations, it is possible to achieve good subjective and objective results in two different cohorts of patients: younger patients, where the most important effect was on prevention of aging, and older patients, where the most relevant effect was a therapeutic action on aging. It is assumed that the therapeutic action of formulation A was due to substances able to restore the dermal architecture of the skin, whereas for formulation B, enriched in antioxidant substances such as idebenone, the action was mostly a preventive anti-aging role, particularly for oxidative stress.

Limitations of the study include the small number of patients enrolled and the short time of observation. Therefore, it cannot be excluded that part of the amelioration effectively registered could disappear after several months.

In conclusion, these new minimally invasive mesotherapy techniques, can improve the clinical appearance of the skin in different age groups, via action on the maintenance and/or restoration of healthy and youthful texture of skin, even if it has to be underlined that these results on the clinical appearance of the skin are not permanent and tend to diminish after a period of time.
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